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[57] ABSTRACT 

An article layout device which comprises an article data 
input section, a column shape data generation section to 
divide the article space into a plurality of columns, a column 
layout order generation section to provide the generated 
columns with the layout orders, an article layout order 
generation section to provide the article data with the layout 
orders, a layout source data synthesis section to newly 
synthesize the division result of the article space, the column 
layout order and the article data layout order, an allocation 
section to allocate the article data to the columns according 
to the column layout order and the article data layout order, 
a layout result evaluation section to evaluate the layout 
results by the allocation section, an optimum layout result 
retrieval section to detect the layout result according to the 
evaluation result by the layout result evaluation section and 
an article output section to lay out and output the article data 
on the article space according to the layout result detected by 
the optimum layout result retrieval section. 

22 Claims, 18 Drawing Sheets 
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ARTICLE LAYOUT DEVICE FOR 
AUTOMATIC COLUMN TEXT LAYOUT 

BACKGROUNDS OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to an article layout device 

for automatic layout of column text to be used in word 
processors, desktop publishing systems or newspaper/ 
magazine editing systems. 10 

2. Description of the Related Art 

An article layout device is used to improve the operability 
of word processors and desktop publishing systems for 
layout of column text. Conventional article layout devices of 
this type include those disclosed in Japanese Patent Appli- 15 
cation Laid-open Print (Kokai) No. Heisei 3-176148 "Docu- 
ment Layout Editing Device", Japanese Patent Application 
Laid-open Print (Kokai) No. Heisei 4-263357 "Information 
Processor", Japanese Patent Application Laid-open Print 
(Kokai) No. Heisei 5-61871 "Automatic Complicated Docu- 20 
ment Processor" and Japanese Patent Application Laid-open 
Print (Kokai) No. Heisei 4-70956 "Document Processor". 
These conventional examples will be described below. 

According to the first conventional method, an article 
layout device disclosed in the Japanese Patent Application 25 
Laid-open Print (Kokai) No. Heisei 3-176148 "Document 
Layout Editing Device" comprises a frame display means to 
allocate the document component data specified by the user 
and an allocation means to allocate the data so that the areas 
corresponding to the frames do not overlap any existing 30 
areas in response to the allocation execution instruction from 
the user and is thus capable of document column control by 
easy operation. 

FIGS. 21 to 25 show examples of the display screen when 35 
the article layout device disclosed in the above laid-open 
print executes the article layout processing. Described below 
is the procedure to lay out a new area #1 to the space already 
having the area #0 as shown in FIG. 21. For this, as shown 
in FIG. 22, a temporary frame (expressed with bold lines) 4Q 
601 is displayed so that the user moves it to determine the 
layout position. Then, as shown in FIG. 23, the newly set 
area #1 is deformed so as to avoid the already laid out area 
#0. FIGS. 24 and 25 show the display screens when further 
setting an area #2 to the space as shown in FIG. 23. 45 

According to the second conventional method, an article 
layout device as disclosed in the Japanese Patent Application 
Laid-open Print (Kokai) No. Heisei 4-263357 "Information 
Processor" comprises a layout means to change the size of 
the areas to lay out the document component data on the 50 
screen according to the layout situation of the applicable 
areas. The layout means keeps the total balance by, when the 
master area size is changed, changing the slave area size 
corresponding to the master area size after such change, 
according to the master-slave relation set between the areas. 55 

FIG. 26 illustrates the operation of article layout process- 
ing by an article layout device disclosed in the above 
laid-open print. The areas "b" and "d" in the figure have the 
master-slave relation. Suppose, as shown in FIG. 26 (A), the 
amount of text supplied to the area "b" is small for the 60 
applicable area size and represents about 60% of allocation 
ratio. In this case, the layout means automatically adjusts or 
reduces the size of the area "b" in order for a proper 
allocation ratio. At the same time, the layout means auto- 
matically enlarges the area "d" serving as the slave of the 65 
area "b" within the proper allocation ratio range as shown in 
FIG. 26 (B). 
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According to the third conventional method, an article 
layout device disclosed in the Japanese Patent Application 
Laid-open Print (Kokai) No. Heisei 5-61871 "Automatic 
Complicated Document Processor"' comprises an actual data 
storage to store the actual data of the document components, 
a format data storage to store the format data such as the 
document size to be made and the layout positions and sizes 
of the actual data, and an association data storage to store the 
association data to show the adaptability and association 
between the actual data and the format data. It extracts the 
actual data adaptable to the format data according to the 
format data and the association data and lays out the actual 
data according to such format data. 

FIG. 27 is a flowchart to illustrate the operation of article 
layout processing by an article layout device as disclosed in 
the above laid-open print. Referring to the figure, the device 
extracts the actual data adaptable to the format data accord- 
ing to the format data and the association data at Step 2703. 
At Step 2704, it prepares a complicated document according 
to the extracted format and actual data. 

According to the fourth conventional method, an article 
layout device disclosed in the Japanese Patent Application 
Laid-open Print (Kokai) No. Heisei 4-70956 "Document 
Processor" comprises an adjustment means to adjust the 
character pitch and the character size. The adjustment means 
adjusts the character pitch and character size according to 
the distance from the initial character position to the line end 
position for the final character in a certain line. Thus, the 
processor lays out the characters so that the width of the 
frame for character layout is almost filled with the string. 

FIG. 28 illustrates examples of display screens when an 
article layout device disclosed in the above laid-open print 
executes the article layout processing. In (A) to (F) of FIG. 
28, the left display screen shows the status before the layout 
processing execution and the right display screen shows the 
status after the layout processing execution. The left display 
screen of FIG. 28 (A) shows the status where a string 612 is 
simply input to a character developing frame 611 for docu- 
ment layout. In the right display screen of FIG. 28 (A), the 
string from the initial character "A" to the final character 
"G" is converted to an enlarged string 613. Thus, the 
characters are arranged so that they almost fill the width of 
the character developing frame 611. 

In FIG. 28 (B), the string 612 is converted into another 
string 614 with a different pitch between characters. Thus, 
the characters are arranged so that they almost fill the 
character developing frame 611. 

In FIG. 28 (C), the characters in the string 612 are 
changed to have an increased width (without changing their 
height) so that a string 615 after such change has the 
characters arranged to almost fill the character developing 
frame 611. 

In (D) to (F) of FIG. 28, a string 616 with two lines is 
input to the character developing frame 611. In FIG. 28 (D), 
the character pitch is reduced without changing the size of 
the individual characters so that a string 617 after conversion 
has the characters arranged to almost fill the character 
developing frame 611. 

In FIG. 28 (E), a range "L" is specified in the character 
developing frame 611. By converting the characters in the 
specified range "L" among those in a string 618 into smaller 
size characters (String 620), the device arranges the char- 
acters so that the entire string almost fills the character 
developing frame 611. 

In FIG. 28 (F), a range "L" is specified in the character 
developing frame 611. By converting the characters in the 
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specified range "L" among those in a string 621 into larger 
size characters, a string 622 after conversion has the char- 
acters arranged to almost fill the character developing frame 
611. 

According to the prior art as described above, the size and 
position of the frames to lay out the document component 
data can be relatively easily determined by using the first to 
the third conventional methods properly. By combining the 
first to third conventional methods and the fourth conven- 
tional method, strings can be finely laid out in a frame. 

However, these conventional article layout devices have 
the following drawbacks. 

Firstly, they require manual operation for execution of the 
article layout processing. Certainly, the article layout pro- 
cessing can be executed with easy operation by properly 
combining some conventional methods. However, such 
methods contain interactive procedures for active frame 
selection and transfer or deformation of the selected frame. 
Thus, they require troublesome manual operation to adjust 
the position, size or shape of frames in the article layout 
processing as shown for the first conventional method. 

Secondly, the shape and size of the area occupied by the 
article data are generally unknown while the available shape 
and size ranges for the frames to accommodate the supplied 
article data are fixed. It is quite difficult to observe the 
specified number of pages or to lay out all of the supplied 
articles when the number of printed pages and/or the sheet 
size are restricted as the layout condition. For example, the 
second conventional method aims at layout of all article data 
and the third conventional method aims at layout of all 
format data. They do not have any process to observe the 
predetermined restrictions including the number of printed 
pages or paper size. In particular, the third conventional 
method does not have any mechanism to adjust the frame 
size. Though the second conventional method has a limited 
size adjustment mechanism, considering the current diffi- 
culty in automatic text summarization according to the 
predetermined amount, the article data can be packed 
according to the size and shape of the frames only in a quite 
limited range even using the forth conventional method at 
the same time. 

Thirdly, they have only a poor adjustment function for 
article layout areas set on the article space, and it is difficult 
to flexibly lay out the areas according to the request from the 
user. In other words, it is likely to leave an empty area in the 
article space in certain cases. They cannot adjust the area 
positions, and they can adjust the area size only between the 
associated areas. Even when using the second conventional 
method, which is the only method with a frame thickness 
adjustment function, it is likely to leave worthless empty 
areas in automatic layout. This is because the above method 
does not have a frame position adjustment function. Since 
the frame sizes can be adjusted only when the areas are in 
the master-slave relation, they can be adjusted effectively 
only in a few cases. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an article 
layout device which can largely reduce the labor required for 
layout work by eliminating the need of human intervention 
for good layouts and by enabling automatic processing from 
article acquisition to printing. 

It is another object of the present invention in addition to 
above to provide an article layout device with which the 
article space is expected to be used efficiently by enabling 
trials of complicated combination of articles. 
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According to one aspect of the invention, an article layout 
device for layout of document on which a plurality of article 
data with some columns are laid out comprises 

an article data input means for inputting the article data; 
5 a column generation means for dividing the article space 
to lay out the article data into a plurality of columns with 
random shapes; 

a column layout order generation means for providing the 
1Q columns generated by the column generation means with the 
order of layout processing; 

an article layout order generation means for providing the 
article data with the order of layout processing; 

a layout source data synthesis means for synthesizing a 
is new division result of the article space by combining a 
plurality of division results of the article space divided into 
some columns by the column generation means, synthesiz- 
ing a new layout order of the columns by combining a 
plurality of layout orders for the columns generated by the 
20 column layout order generation means and also synthesizing 
a new layout order of the article data by combining a 
plurality of layout orders for the article data generated by the 
article layout order generation means; 

an allocation means for allocating the article data to the 
25 columns according to the layout order for the columns 
determined by the column layout order generation means or 
the column layout order for the columns synthesized by the 
layout source data synthesis means and the layout order for 
the article data determined by the article layout order 
30 generation means or the layout order for the article data 
synthesized by the layout source data synthesis means; 

a layout result evaluation means for evaluating the layout 
results output from the allocation means and generating the 
evaluation values; 
35 an optimum layout result retrieval means, according to the 
evaluation values generated by the layout result evaluation 
means, for detecting the layout result with the maximum 
evaluation value from the layout results output from the 
allocation means: and 

40 

an article output means, according to the layout result 
detected by the optimum layout result retrieval means, for 
laying out the article data on the article space for output. 
In the preferred construction, the column generation 

45 means divides the article space into a plurality of columns, 
generates unit areas by further dividing the plurality of 
columns, provides the unit areas with the column combina- 
tion number and generates columns by combining the unit 
areas having the same column number among the unit areas 

50 mutually neighboring for either side. 

In the preferred construction, the layout source data 
synthesis means selects, when synthesizing a new layout 
order for the columns and a new layout order for the article 
data in relation to the division result for a new article space, 

55 a set serving as a synthesis base for a higher probability in 
that the set with a high evaluation value generated by the 
layout result evaluation means is selected from the sets of 
the existing space division result, the existing column layout 
order and the existing article data layout order. 

60 In the preferred construction, the layout source data 
synthesis means repeatedly synthesizes new division results 
for the article space by combining a plurality of division 
results for the article space divided into some columns by the 
column generation means or division results for the article 

65 space synthesized by itself, and repeatedly synthesizes new 
layout orders for the columns by combining a plurality of 
layout orders for the columns generated by the column 
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layout order generation means or layout orders for the 
columns synthesized by itself, and repeatedly synthesizes 
new layout orders for the article data by combining a 
plurality of layout orders for the article data generated by the 
article layout order generation means or layout orders for the 5 
article data synthesized by itself, and the optimum layout 
result retrieval means starts its operation on condition that 
the layout source data synthesis means synthesizes the 
division results for the article space, the column layout order 
and the article data layout order for the predetermined 10 
number. 

In another preferred construction, the layout source data 
synthesis means repeatedly synthesizes new division results 
for the article space by combining a plurality of division 
results for the article space divided into some columns by the 15 
column generation means or division results for the article 
space synthesized by itself, and repeatedly synthesizes new 
layout orders for the columns by combining a plurality of 
layout orders for the columns generated by the column 
layout order generation means or layout orders for the 2 o 
columns synthesized by itself, and repeatedly synthesizes 
new layout orders for the article data by combining a 
plurality of layout orders for the article data generated by the 
article layout order generation means or layout orders for the 
article data synthesized by itself, and the optimum layout 2 5 
result retrieval means starts its operation on condition that 
the layout source data synthesis means executes its process- 
ing for the predetermined time. 

In another preferred construction, the layout source data 
synthesis means repeatedly synthesizes new division results 30 
for the article space by combining a plurality of division 
results for the article space divided into some columns by the 
column generation means or division results for the article 
space synthesized by itself, and repeatedly synthesizes new 
layout orders for the columns by combining a plurality of 35 
layout orders for the columns generated by the column 
layout order generation means or layout orders for the 
columns synthesized by itself, and repeatedly synthesizes 
new layout orders for the article data by combining a 
plurality of layout orders for the article data generated by the 40 
article layout order generation means or layout orders for the 
article data synthesized by itself, and the optimum layout 
result retrieval means starts its operation on condition that 
the layout result evaluation means provides an evaluation 
value exceeding the predetermined evaluation value for the 45 
layout result. 

In another preferred construction, the layout source data 
synthesis means repeatedly synthesizes new division results 
for the article space by combining a plurality of division 
results for the article space divided into some columns by the 50 
column generation means or division results for the article 
space synthesized by itself, and repeatedly synthesizes new 
layout orders for the columns by combining a plurality of 
layout orders for the columns generated by the column 
layout order generation means or layout orders for the 55 
columns synthesized by itself, and repeatedly synthesizes 
new layout orders for the article data by combining a 
plurality of layout orders for the article data generated by the 
article layout order generation means or layout orders for the 
article data synthesized by itself, and the optimum layout 60 
result retrieval means counts the processing where the 
evaluation value given by the layout result evaluation means 
for the set of newly synthesized division result for the article 
space, the column layout order and the article data layout 
order does not update the maximum evaluation value before 65 
thai and starts its operation when the number of such 
processing exceeds the predetermined number. 



Also, the layout source data synthesis means repeatedly 
synthesizes new division results for the article space by 
combining a plurality of division results for the article space 
divided into some columns by the column generation means 
or division results for the article space synthesized by itself, 
and repeatedly synthesizes new layout orders for the col- 
umns by combining a plurality of layout orders for the 
columns generated by the column layout order generation 
means or layout orders for the columns synthesized by itself, 
and repeatedly synthesizes new layout orders for the article 
data by combining a plurality of layout orders for the article 
data generated by the article layout order generation means 
or layout orders for the article data synthesized by itself, and 
the optimum layout result retrieval means detects the pro- 
cessing where the evaluation value given by the layout result 
evaluation means for the set of newly synthesized division 
result for the article space, the column layout order and the 
article data layout order does not update the maximum 
evaluation value before that and, starts its operation on 
condition that the time of continued processing exceeds the 
predetermined processing time. 

Also, the column generation means normalizes the col- 
umn combination numbers appearing for the first time so 
that the numbers are incremented by one in the same 
direction according to the appearance order. 

According to another aspect of the invention, an article 
layout device for layout of document on which a plurality of 
article data with some columns are laid out comprises 

an article data input means for inputting the article data; 

a column generation means for dividing the article space 
to lay out the article data into a plurality of columns with 
random shapes; 

a column layout order generation means for providing the 
columns generated by the column generation means with the 
order of layout processing; 

an article layout order generation means for providing the 
article data with the order of layout processing; 

a layout source data synthesis means for synthesizing a 
new division result of the article space by combining a 
plurality of division results of the article space divided into 
some columns by the column generation means, synthesiz- 
ing a new layout order of the columns by combining a 
plurality of layout orders for the columns generated by the 
column layout order generation means and also synthesizing 
a new layout order of the article data by combining a 
plurality of layout orders for the article data generated by the 
article layout order generation means; 

an allocation means for allocating the article data to the 
columns according to the layout order for the columns 
determined by the column layout order generation means or 
the column layout order for the columns synthesized by the 
layout source data synthesis means and the layout order for 
the article data determined by the article layout order 
generation means or the layout order for the article data 
synthesized by the layout source data synthesis means; 

a layout result evaluation means for evaluating the layout 
results output from the allocation means and generating the 
evaluation values; 

an optimum layout result retrieval means, according to the 
evaluation values generated by the layout result evaluation 
means, for detecting the set having the maximum evaluation 
value among those containing the article space division 
result generated by the column generation means and the 
column layout order generated by the column layout order 
generation means and the article data layout order generated 
by the article layout order generation means; 
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an optimum layout allocation means, according to the set column generation means or division results for the article 

of article space division result and the column layout order space synthesized by itself, and repeatedly synthesizes new 

and the article data layout order detected by the optimum layout orders for the columns by combining a plurality of 

layout result retrieval means, for allocating the article data layout orders for the columns generated by the column 

to the columns; and 5 layout order generation means or layout orders for the 

an article output means for laying out and outputting the columns synthesized by itself, and repeatedly synthesizes 

article data on the article space according to the layout result n f w ,1^°^ orders [ or lhe arlicle data b ? combining a 

output by the optimum layout allocation means. ^ ur f * of ^ orders for the artlcle data generated by the 

. , r , . , . , article layout order generation means or layout orders for the 

In the preferred construction, the allocation means also article data synlh esized by itself, and the optimum layout 

serves as the optimum layout allocation means. 30 result retrieval means starts its operation on condition that 

In the preferred construction, the column generation the layout result evaluation means provides an evaluation 

means divides the article space into a plurality of columns, value exceeding the predetermined evaluation value for the 

generates unit areas by further dividing the plurality of layout result. 

columns, provides the unit areas with the column combina- In the above-mentioned construction, the layout source 

tion number and generates columns by combining the unit 15 data synthesis means repeatedly synthesizes new division 

areas having the same column number among the unit areas results for the article space by combining a plurality of 

mutually neighboring for either side. division results for the article space divided into some 

In the preferred construction, the layout source data columns by the column generation means or division results 

synthesis means selects, when synthesizing a new layout , n for < he article s ? ace synthesized by itself, and repeatedly 

order for the columns and a new layout order for the article 20 ^"/^f s "™ layout orders for the columns by combining 

data in relation to the division resuh for a new article space, ^ ^ ^jL W r * i^ h by ^ 

. . c ... , , ..f . ' column layout order generation means or layout orders for 

a set serving as a synthesis base for a higher probabihty in the cohin / ns synthes £ ed b itselfj ^ repe * atedly synthe . 

hat the set with a high evaluation value generated by the sizes new layout Qrders for |he dat / b ^Lining a 

layout result evaluation means is selected from the sets of 25 plurality of layout orders for the article data generated by the 

the existing space division result, the existing column layout art i c i e layout order generation means or layout orders for the 

order and the existing article data layout order. art icle data synthesized by itself, and the optimum layout 

In another preferred construction, the layout source data result retrieval means counts the processing where the 

synthesis means repeatedly synthesizes new division results evaluation value given by the layout result evaluation means 

for the article space by combining a plurality of division 30 for the set of newly synthesized division result for the article 

results for the article space divided into some columns by the space, the column layout order and the article data layout 

column generation means or division results for the article order does not update the maximum evaluation value before 

space synthesized by itself, and repeatedly synthesizes new that and starts its operation when the number of such 

layout orders for the columns by combining a plurality of processing exceeds the predetermined number, 

layout orders for the columns generated by the column 35 In the above-mentioned construction, the layout source 

layout order generation means or layout orders for the data synthesis means repeatedly synthesizes new division 

columns synthesized by itself, and repeatedly synthesizes results for the article space by combining a plurality of 

new layout orders for the article data by combining a division results for the article space divided into some 

plurality of layout orders for the article data generated by the columns by the column generation means or division results 

article layout order generation means or layout orders for the 40 for the article space synthesized by itself, and repeatedly 

articie data synthesized by itself, and the optimum layout synthesizes new layout orders for the columns by combining 

result retrieval means starts its operation on condition that a plurality of layout orders for the columns generated by the 

the layout source data synthesis means synthesizes the column layout order generation means or layout orders for 

division results for the article space, the column layout order the columns synthesized by itself, and repeatedly syntbe- 

and the article data layout order for the predetermined 45 sizes new layout orders for the article data by combining a 

number. plurality of layout orders for the article data generated by the 

In another preferred construction, the layout source data article layout order generation means or layout orders for the 

synthesis means repeatedly synthesizes new division results article data synthesized by itself, and the optimum layout 

for the article space by combining a plurality of division result retrieval means detects the processing where the 

results for the article space divided into some columns by the 50 evaluation value given by the layout result evaluation means 

column generation means or division results for the article for the set of newly synthesized division result for the article 

space synthesized by itself, and repeatedly synthesizes new space, the column layout order and the article data layout 

layout orders for the columns by combining a plurality of order does not update the maximum evaluation value before 

layout orders for the columns generated by the column that and, starts its operation on condition that the time of 

layout order generation means or layout orders for the 55 continued processing exceeds the predetermined processing 

columns synthesized by itself, and repeatedly synthesizes time. 

new layout orders for the article data by combining a Also, the column generation means normalizes the col- 
plurality of layout orders for the article data generated by the umn combination numbers appearing for the first time so 
arlicle layout order generation means or layout orders for the that the numbers are incremented by one in the same 
article data synthesized by itself, and the optimum layout 60 direction according to the appearance order, 
result retrieval means starts its operation on condition that Also, the layout data group storage means deletes data 
the layout source data synthesis means executes its process- with the corresponding evaluation value data, when required 
ing for the predetermined time. to store more sets than predetermined, starting from the sets 
In another preferred construction, the layout source data with lower evaluation values given by the layout result 
synthesis means repeatedly synthesizes new division results 65 evaluation means among the sets of the article space division 
for the article space by combining a plurality of division result, the column layout order and the article data layout 
results for the article space divided into some columns by the order so as to store a new set of data. 
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Other objects, features and advantages of the present FIG. 20 is a flowchart to illustrate the operation of the 

invention will become clear from the detailed description entire article layout device according to the second embodi- 

given herebelow. ment; 

BRIEF DESCRIPTION OF THE DRAWINGS < , 21 is a diagram to show the first step of the article 

5 layout processing according to the first conventional 

The present invention will be understood more fully from method; 

the detailed description given herebelow and from the FIG. 22 is a diagram to show the first step of the article 

accompanying drawings of the preferred embodiment of the layout processing to the first area according to the first 

invention, which, however, should not be taken to be limi- conventional method' 

tative to the invention, but are for explanation and under- 10 CTO . ,. . , 4 , , t . 

... r FIG. 23 is a diagram to show the second step or the article 

an ing on y. layout processing to the first area according to the first 

In the drawings: conventional method; 

FIG. 1 is a block diagram to show the configuration of an FIG. 24 is a diagram to show the first step of the article 

amele layout device according to a first embodiment of the ^ layQUt processing t0 me second area according t0 the first 

present invention; conventional method; 

FIG. 2 is an explanatory view to show the first step of the fig. 25 is a diagram to show the second step of the article 

unit area generation in the column generation procedure } si to me second area according t0 the first 

according to the first embodiment; conventional method; 

FIG. 3 is an explanatory view to show the second step of 20 nG ^ fa aQ lan view tQ iUustrate the artide 

the unit area generation in the column generation procedure processing according to the second conventional 

according to the first embodiment; method- 

FIG. 4 is an explanatory view to illustrate an example of . a , . + ... , , ,, a - tU ,. . 

. J . , ... . r FIG. 27 is a flowchart to illustrate the flow of the article 

column generation processing by combining unit areas . 4 . .. 4 4 . iL . . . 

i . i r> 4 « . • & layout processing according to the third conventional 

according to the first embodiment; 25 \u a a 

™ , . , . , , , , . method; and 

FIG. 5 is an explanatory view to show the result when the „ t „ . , . 4 .„ t t . 

. ! ■ j- -j j ■ * i • *u i <■ FIG. 28 is an explanatory view to illustrate the article 

article space is divided into columns in the example of FIG. , ^ J ^ . _ . . . 

4. layout processing according to the fourth conventional 

' „ . , . .„ , method. 
FIG, 6 is an explanatory view to illustrate another 

example of column generation by combining unit areas 30 DESCRIPTION OF THE PREFERRED 

according to the first embodiment; EMBODIMENT 

FIG. 7 is an explanatory view to illustrate the result when m „ , , ^ „ t 

the article space is divided into columns in the example of ™ e embodiment of the present invention will 

Pjq g. be discussed hereinafter in detail with reference to the 

' - ' 0 . . i u *u i * 35 accompanying drawings. In the following description, 

FIG. 8 is a view to show an example where the layout c j * T * c *u • a * -a 

* , ... * . . numerous specific details are set forth in order to provide a 

orders are given to the columns in the example shown in t , , r , . ,. , . . *. ... , 

FIGS 4 and 5- thorough understanding of the present mvention. It will be 

an ' obvious, however, to those skilled in the art that the present 

FIG. 9 is a view to show another example where the invention may be prac ticed without these specific details. In 

layout orders are given to the columns in the example shown 4Q other instance? we n_known structures are not shown in detail 

in FIGS. 4. and 5; ^ order t0 unnecessary obscure the present invention. 

FIG. 10 is a table to show the relation between the article <First Embodiment 

layout orders and the article numbers; piG. 1 is a block diagram to show the configuration of an 

FIG. 11 is a table to show an example of article shape article layout device according to a first embodiment of the 

restrictions; 45 present invention. 

FIG. 12 is a flowchart to illustrate the operation of the As shown in the figure, an article layout device of this 

allocation section according to the first embodiment; embodiment comprises a column shape data generation 

FIG. 13 is a flowchart to illustrate the operation of the section 101, a column layout order generation section 102, 

layout result evaluation section according to the first an article lavout order generation section 103, a random 

embodiment; 50 number generation section 104, a layout data group storage 

FIG, 14 is a table to show the relation between the article 105 > an allocation section 106, a layout result evaluation 

numbers and the appearance priorities; ^cU™ 107 > an artic * e sh ^ restriction data output section 

... . . ... t t . iL . 108, a layout source data synthesis section 109, an optimum 

HG 15 is an explanatory view illustrating the synthesis { m an ^ m and 

of the layout source data by one point crossing; 55 aQ ^ ^ section m Nole ^ p ( G ± ^ {h& 

HG. 16 is an explanatory view illustrating the operation characteristic components of this embodiment with omitting 

to synthesize the processing order for a new column layout other gener al components. 

processing from the two column layout processing orders , n thc above configurat ion, the column shape data gen- 

corresponding to FIGS. 8 and 9; cration 101 thc layout order genC ration 

HG. 17 is a flowchart to illustrate the operation of the 60 102 , the article layout order generation section 103, 

entire article layout device according to the first embodi- the random number generation section 104, the allocation 

raent i section 106, the layout result evaluation section 107, the 

FIG. 18 is a block diagram to show the configuration of article shape restriction data output section 108, the layout 

an article layout device according to a second embodiment source data synthesis section 109 and the optimum layout 

of the present invention; 65 retrieval section 110 are, for example, achieved by a CPU 

FIG. 19 is a flowchart to illustrate the operation of the (Central Processing Unit) under control by the computer 

allocation section according to the second embodiment; program stored in a RAM or other internal memories or 
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magnetic disks or other external storage devices. The com- 
puter program is supplied as the record in magnetic disks or 
other recording media. The layout data group storage 105 is 
achieved by a RAM or other internal memories or magnetic 
disks or other external storage devices. The article input 
section 111 is achieved by a RAM or other internal memo- 
ries or magnetic disks or other external storage devices and 
an interface device for a certain network so that the article 
data as the processing subject is input. The article output 
section 112 is achieved by a printer or a CRT display so that 
the procedure steps of the article layout processing and the 
article after execution of the article layout processing are 
printed out or displayed. 

The column shape data generation section 101 reads a 
random number 121 from the random number generation 
section 104 and generates a column shape data 122 using 
such random number 121. The generated column shape data 
122 is supplied to the column layout order generation 
section 102. 

The column layout order generation section 102 reads a 
random number 121 from the random number generation 
section 104 and determines the order of layout processing 
for the columns using such random number 121. It adds the 
determined order data to the column shape data 122 input 
from the column shape data generation section 101 and 
stores them at the layout data group storage 105. 

The article layout order generation section 103 reads a 
random number 121 from the random number generation 
section 104 and determines the order of layout processing 
for the articles using such random number 121 and stores the 
determined order data at the layout data group storage 105. 

The random number generation section 104 generates 
random numbers 121 and supplies them to the column shape 
data generation section 101, the column layout order gen- 
eration section 102, the article layout order generation 
section 103 and the layout source data synthesis section 109. 

The layout data group storage 105 stores the predeter- 
mined number of layout data. A layout data here includes a 
column shape data with column layout order 124, an article 
layout order 125, a layout result 126 and an evaluation value 
127. The column shape data with column layout order 124 
is input from the column layout order generation section 
102, the article layout order 125 from the article layout order 
generation section 103, the layout result 126 from the 
allocation section 106 and the evaluation value 127 from the 
layout result evaluation section 107. In addition, a column 
shape data with column layout order 128 and an article 
layout order 129 are input from the layout source data 
synthesizing section 109 for storage. 

The layout data group storage 105 has, at a certain step of 
processing, the column shape data with column layout order 
124 and the article layout order 125 read out by the alloca- 
tion section 106, the column shape data with column layout 
order 128 and the article layout order 129 read out by the 
layout source data synthesis section 109, the layout result 
126 read out by the allocation section 106 and the evaluation 
value 127 by the layout result evaluation section 107. 

The allocation section 106 reads out the column shape 
data with column layout order 124 and the article layout 
order 125 from the layout data group storage 105, reads out 
an article shape restriction data 131 from the article shape 
restriction data output section 108 and, according to these 
data, allocates the articles to the columns where they can be 
laid out. Then, it outputs the layout result 126 obtained as the 
result of such article allocation to the columns to the layout 
data group storage 105 and the layout result evaluation 
section 107. 
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The layout result evaluation section 107 has a layout 
result 133 input from the allocation section 106 and stores 
the evaluation value 127, which is a numeric expression of 
evaluation for the layout result 133, to the layout data group 
5 storage 105. 

The article shape restriction data output section 108 has 
an article data 135 input from the article input section 111, 
extracts the shape restriction data of the articles and outputs 
them to the allocation section 106. The shape restriction data 
10 here includes the maximum and minimum length and width 
ratios, and the maximum and minimum lengths and widths, 
for example. 

The layout source data synthesis section 109 synthesizes 
a new layout source data according to the layout source data 

15 and a random number read out from the random number 
generation section 104 and stores it in the layout data group 
storage 105. The layout source data here includes the 
column shape data with the column layout order 124 and the 
article layout order 125 read out from the layout data group 

20 storage 105. 

The optimum layout retrieval section 110 retrieves the 
maximum evaluation value 127 from the layout source 
group storage 105, reads out a layout result 136 correspond- 
ing to the retrieved maximum evaluation value 127 and 

25 sends it to the article output section 112. 

The article input section 111 sends article data 135 and 
138 including the article contents and incidental data to the 
article shape restriction data output section 108 and the 
article output section 112. 

30 The article output section 112 has the layout result 136 
input from the optimum layout retrieval section 110 and the 
article contents (document component data) as the article 
data 135 from the article input section 111 and, according to 
the input layout result 136, displays the articles on the screen 

35 or prints them out on paper. 

Next, the operation of the article layout device with the 
above configuration will be described below. 

FIGS. 2 and 3 illustrate the unit area generation process 
in the column generation procedure according to this 

40 embodiment. FIGS. 4 to 7 illustrate the process to combine 
the unit areas to generate a column according to this embodi- 
ment. Note that FIGS. 4 to 7 show an example when the 
procedure is continued from the statuses in FIGS. 2 and 3 
and FIGS. 5 and 7 show the results of column division for 

45 the article space in the layout procedure according to this 
embodiment. For example, an article space 301 or an article 
space 401 as shown in FIGS. 4 to 7 has three columns in 
horizontal direction and a column 311 in FIG. 5 has a width 
for two columns at maximum (for one column at minimum) 

so and a column 312 in the figure has a width for one column. 
The articles are laid out on the article space with selecting 
the articles corresponding to the columns. The columns in 
the article space are set by the column generation section 
101, which divides the article space into some random areas 

55 as shown in FIGS. 5 and 7. The column setting data are 
supplied to the column layout order generation section 102. 

The column generation section 101 generates the columns 
as follows. It firstly determines the number of columns. If 
the number of columns is uniquely specified in advance, 

60 such number is used. If not, a random number 121 is read out 
from the random number generation section 104 within the 
predetermined range of values and the number of columns is 
fixed with the read out random number 121. In the descrip- 
tion below, the lines to separate the columns are called 

65 "column lines". In the example of FIGS. 2 and 3, there are 
two column lines. In the example of FIGS. 2 to 7, the column 
lines are expressed as vertical lines. 
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Then, the column generation section 101 generates lines Referring to FIGS. 1, 8 and 9, the procedure to generate 

which make right angles with the column lines. In the the order or column layout execution will be described 

description below, such lines are called "divisional lines". A below. FIGS. 8 and 9 illustrate an example where the 

divisional line is denned by the coordinate on the coordinate allocation section 106 gives the order of layout processing 

axis perpendicular to the column formation direction (Y axis 5 (priority) to the columns divided as shown in FIG. 5. To the 

in FIGS. 2 to 7) and the starting co umn and the endmg column 310> for te lhe seyenth iorf ^ ided ^ 

column of the line For example a divisional line 202 m FIG. 8 and the fifth priority is provided in FIG. 9 for layout 

FIG. 2 has the coordinate yl, the starting column No. 1 and nrocess'nt? 

the ending column No. 3. The example of FIG. 2 has six r™ ?' . , . 
divisional lines. A random number 121 is read out from the ™ e C ° lumD ^yout order generation section 102 firstly 
random number generation section 104 within the predeter- 10 uses a , random T* ber 121 read out from the random 
mined range of numbers so that the number of divisional generation section 104 to determine the processing order of 
lines is determined with the read out random number 121, the column S- In the description below, a determined order is 
and the coordinate, the starting column and the ending called a column processing order 341. The column process- 
column are determined for such number using the random in S order 34 * is allocated to the columns in one-to-one 
number read out again from the random number generation 35 correspondence using the random number string without any 
section 104. As a result, the divisional lines as shown in FIG. repeated number within the range from "1" to the number 
2 are obtained, for example. Since the number and position corresponding to the number of columns. Since the column 
of the divisional lines are determined according to the processing order 341 is determined according to the random 
random number 121 input from the random number genera- number 121 input from the random number generation 
tion section 104, different number of divisional lines are 20 section 104, different column processing order 341 is 
obtained at different positions for every divisional line obtained each time. The column layout order generation 
generation processing usually. section 102 outputs the column shape data and the column 
By thus generating the number of columns and divisional processing order as shown in FIGS. 8 and 9 to the layout 
lines, an article space 201 of FIG. 2 is divided into several data group storage 105 as the processing results, 
areas. These areas are called the "unit areas". In case of FIG. 25 Referring now to FIG. 10, the generation of the order for 

2, the space is divided into 12 unit areas. As shown in FIG. article layout processing will be described below. FIG. 10 

3, unit areas 203 are numbered for distinction from other shows the relation between the article layout orders 125 and 
unit areas 203. A number given here is referred to as a unit the article numbers. Specifically, to the articles as shown in 
area number 211. The numbers "1" to "12" in FIG. 3 are the FIG. 11 input from the article input section 111 of FIG. 1, the 
unit area numbers 211. 30 allocation section 106 gives the layout processing execution 

Then, the column generation section 101 reads out a order (priority). In the example of FIG. 10, the first priority 

random number 121 within the predetermined range of is given to the article with number "1", and the sixth priority 

values from the random generation section 104 and numbers to the article with number "3" for the layout processing, 

the unit areas 203 using the read out random number 121. A The article layout order generation section 103 firstly uses 

number given here is called a column combination number 35 a random number 121 read out from the random generation 

321. For example, the number "1", "2" or "3", given to the section 104 to provide the processing execution order to the 

unit areas in FIG. 4 or 6 is the column combination number articles. In the description below, the order given to the 

321. Specifically, the unit areas 203 with the unit area articles are called the layout order. The layout order is 

number "1" in FIG. 3 has "1" in FIG. 4 and "2" in FIG. 6 allocated to the articles in one-to-one correspondence using 

as the column combination number 321. 40 the random number string without any repeated number for 

Finally, when the unit areas 211 adjacent to (above, below, the range from "1" to the number corresponding to the 

on the left or right of) a unit area have the same column number of articles. Since the article layout order is deter- 

combination number 321 as that unit area, such unit areas mined according to the random number 121 input from the 

are combined to make a single column. Eight columns are random number generation section 104, different article 

generated in the example of FIG. 5 and seven columns are 45 layout order is obtained each time. The article layout order 

generated in the example of FIG. 7. Specifically, with generation section 103 outputs the processing order of the 

referring to FIGS. 3 and 4, a unit area 302 with the unit area articles as shown in FIG. 10 to the layout data group storage 

number "1" and a unit area 303 with the unit area number 105 as the processing result. 

"5" has the same number "1" as the column combination Then, referring to FIG. 11, the article shape restriction 

number 321 and these unit areas are combined to form a so will be described. FIG. 11 shows an example of shape 

single column 310. Further, as shown in FIG. 5, the gener- restriction for the articles to be processed according to this 

a ted columns are numbered for distinction from others. In embodiment. ITiough one restriction is described for each of 

the description below, a number given here is called a the articles with numbers "1" to "10" in FIG. 11, an article 

column number 331. The number given to the columns in usually has several restrictions in the actual operation. In 

FIGS, 5 and 7 are the column numbers 331. 55 FIG. 11, for example, the article with the article number "1" 

Columns are thus generated and the column shape data for requires a space for at least two columns for three-column 

the generated columns are output to the column layout order layout and the article with article number "2" requires a 

generation section 102. The column shape data here means space to accept at least 30 characters, 

the number of columns, the number of divisional lines, The article shape restriction data output section 108 

divisional line definitions (expressed with the coordinate, 60 extracts the article shape restriction data 131 for the articles 

the starting column and the ending column) and the column as shown in FIG. 11 from the article data 135 input from the 

combination number string. Since the columns are generated article input section 111 and outputs them to the allocation 

and the column shape data are determined according to the section 106. The article shape restriction data 131 is 

random number 121 input from the random number genera- extracted as follows. 

tion section 104, as understood from comparison of FIGS, 5 65 The article shape restriction data output section 108 stores 

and 7, the number and shape of the generated columns are the data about general shape restrictions such as the maxi- 

different each time. mum and the minimum length and width ratios and the 
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maximum and minimum lengths and widths predetermined 
for application to all articles. It also stores, if necessary, the 
individual shape restriction data such as the maximum and 
minimum image sizes and fonts, maximum and minimum 
character pitches and line intervals, and the maximum and 
minimum ratios between the character pitch and line inter- 
vals predetermined corresponding to the field and other 
certain conditions of the articles. 

The article shape restriction data output section 108 firstly 
reads out the article data 135 from the article input section 
111 and obtains the data peculiar to the articles including the 
article field, the number of characters for the paragraphs, the 
number of characters for the entire document, the source 
image size and the numbers of characters in the horizontal 
and vertical directions in the tables. It mixes the shape 
restriction data applied to all articles and the shape restric- 
tion data for each field it stores and generates the article 
shape restriction data 131 for each article to be output to the 
allocation section 106. For example, according to the num- 
ber of characters in the vertical direction (10 char.) on the 
score table having "4" as the article number, the minimum 
font used for the score table and the minimum character 
pitch, it determines the minimum width of the column 
required to lay out the article of article number "4" and 
outputs such width to the allocation section 106. 

Then, referring to FIGS. 4, 5 and 9 lo 11, the allocation 
processing to lay out the articles to the applicable columns 
by correspondence between the columns and the articles will 
be described below. 

The allocation section 106 reads out the column shape 
data with the column layout order 124 and the article layout 
order 125 from the layout data group storage 105 and reads 
out the article shape restriction data 131 from the article 
shape restriction data output section 108. Then, according to 
the read out data, it allocates the articles from those with 
higher layout priorities to the columns with higher layout 
orders among the columns usable for layout. Thus, the 
articles are laid out to the columns. The obtained layout 
result is sent from the allocation section 106 to the layout 
data group storage 105 and the layout result evaluation 
section 107. Then, the layout result evaluation section 107 
judges whether the articles can be laid out to the allocated 
columns. Here, the column shape data is used for judgment 
whether the articles can be laid out or not. For example, the 
article with the article number "1" has a shape restriction 
that it requires the width for two columns in the space of 
three^column width. Thus, it is judged acceptable when the 
article is allocated to the column 310 having a width for two 
columns, but is not judged acceptable when it is allocated to 
a column 312 with a width for one column only. In addition, 
any column that already has an allocated article naturally 
cannot accept another article. 

Then, referring to the flowchart of FIG. 12, the operation 
of the allocation section 106 will be described in details 
below. 

FIG. 12 shows the control operation of the allocation 
section 106 according to the first embodiment. The alloca- 
tion section 106 refers to the article layout order 125 read out 
from the layout data group storage 105 and checks whether 
the article with the highest layout priority among the articles 
not yet allocated to any column can be selected as the 
processing subject or not (Step 1201). If there is no article 
to be selected, it outputs the layout result and terminates the 
procedure (Step 1202). 

If the allocation section 106 can select the article with the 
highest layout priority as the processing subject at Step 
1201, it reads out the shape restriction data 131 correspond- 
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ing to the selected article from the article shape restriction 
data output section 108 to determine the maximum width 
Wn and the maximum height Hn for the article (Step 1203). 
Then, referring to the column layout order read out from the 
layout data group storage 105, it selects the column with the 
highest layout priority among those not yet allocated for any 
article and not yet subjected to the processing from Step 
1205 as the processing subject (Step 1204). If it does not find 
any column to be selected here, it returns to Step 1201 and 
selects the article with the second highest priority for the 
same processing. 

When the allocation section 106 finds any column to be 
selected as the subject for article allocation, it determines the 
maximum width Wc and the maximum height He for the 
applicable column according to the shape data concerning 
the column (Step 1205). Then, it compares the maximum 
width Wn and the maximum height Hn for the article 
determined at Step 1203 with the maximum width Wc and 
the maximum height He for the column determined at Step 
1205. If Wc^Wn and Hc^Hn, it goes to Step 1207 (Step 

1206) . For other cases, it returns to Step 1204 and selects the 
column with the next priority for the same processing. 

It is judged whether the article selected at Step 1201 can 
be strictly laid out to the column selected at Step 1204 (Step 

1207) . Whether the article can be laid out or not can be 
learned, for example, by actually supplying the selected 
article to the selected column according to the shape restric- 
tion data 131 of the article. The font size, character pitch and 
line intervals and other similar data used for such judgment 
are temporarily stored. If the article is judged that it can be 
laid out to the applicable column, the allocation section 106 
proceeds to Step 1208. When it is impossible to lay out the 
article in the applicable column, it returns to Step 1204 and 
selects the next priority column for the same processing. 

Then, the article selected at Step 1201 is allocated to the 
column selected at Step 1204 (Step 1208). The article 
selected at Step 1201 and the column selected at Step 1204 
are, as already allocated alternatives, deleted from the can- 
didates to be selected at Steps 1201 and 1204. The article 
number of the article selected at Step 1201, the column 
number of the column selected at Step 1204 and the font 
size, character pitch, line intervals and other similar data 
determined at Step 1207 are associated and added to the 
layout result 133. 

Referring to the column layout order read out from the 
layout data group storage 105, the allocation section 106 
judges whether there is any column which does not have any 
article allocated yet (Step 1209). If there is no such column, 
the allocation section 106 proceeds to Step 1202. On the 
other hand, if it finds a column without any article allocated, 
it returns to Step 1201 and selects the article with the next 
priority for the same processing. 

Finally, the obtained layout result 133 is supplied to the 
layout data group storage 105 and the layout result evalu- 
ation section 107 and the procedure is terminated (Step 
1202). 

The evaluation processing of the layout result 133 by the 
layout result evaluation section 107 is now described. The 
layout result evaluation section 107 has the layout result 133 
input from the allocation section 106 and generates the 
evaluation value 127 as a numerically expressed evaluation 
of the layout result 133 and stores it to the layout data group 
storage 105. The article layout device of this embodiment 
can be considered as a device to retrieve a layout with a 
higher evaluation value 127. There are many possible cri- 
teria or standards for evaluation of the layout result 133. 
Note that, however, this device can be used regardless of the 
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standard adopted. For easier understanding, the processing 
as evaluation of the layout result 133 will be described 
below referring to FIGS. 13 and 14. 

FIG. 13 is a flowchart illustrating the control flow of the 
layout result evaluation section 107 according to the first 5 
embodiment. FIG. 14 is a diagram to show the relation 
between the article numbers and the appearance priorities, 

Suppose here that a data 361 called the appearance 
priority (See FIG. 1) as shown in FIG. 14 can be obtained 
from the article input section 111 for the articles. For 10 
example, the article of the article number "1" has the 
appearance priority "10", and the article of the article 
number "2" has the appearance priority "20". In this opera- 
tion example, the layout result is evaluated according to the 
following standards including the appearance priority. is 
Standard 1: The total of the appearance priorities for the 
articles included in a limited article space shall be as high as 
possible. 

Standard 2: The empty area in the article space shall not be 
more than a certain area. 20 
Standard 2 is provided to prevent any large empty space 
from being generated on a particular page by balancing the 
article amount among the pages when there are some empty 
areas even after laying out all articles to a plurality of article 
spaces. 25 

As shown in FIG. 13, the layout result evaluation section 
107 totals the appearance priorities of the appearing articles 
according to the layout result data 133 input from the 
allocation section 106 and the appearance priority data 361 
of the articles input from the article input section 111 and 30 
adds such total to the evaluation value (Step 1301). Note that 
various determination methods may be possible to determine 
the appearance priority corresponding to the possible range 
of the appearance priority, and one of them may be specified 
in advance. For example, square root sum or product may be 35 
used instead of the appearance priority total. The initial 
evaluation value may be usually "0", but it can have a 
positive initial value in preparation for the subtraction at 
Step 1303 so that the value can be always maintained to be 
positive. 40 

Next, according to the layout result data 133 input from 
the allocation section 106, the ratio which the sum of the 
areas without any article laid out and not in use as spacers 
between articles in the article space (i.e. empty area) repre- 
sents in the whole article space area is determined for each 45 
article space and compared with the predetermined threshold 
"S" (Step 1302). When the empty area is larger, the pro- 
cessing proceeds to Step 1303. For other cases, the process- 
ing proceeds to Step 1304. 

When the empty area rate is larger than the threshold "S", 50 
the threshold "S" is subtracted from the evaluation value as 
the empty area violation penalty (Step 1303). Finally, the 
layout result evaluation data (evaluation value) 127 is sent to 
the layout data group storage section 105 (Step 1304). 
Alternatively, the subtraction upon empty area violation may 55 
not be executed upon comparison with the predetermined 
threshold "S", but may be executed by determining the 
subtraction amount according to the ratio of the empty area 
to the whole article space. 

Then, the layout source data synthesis processing will be 60 
described below, 

FIG. 15 illustrates the synthesis of the layout source data 
by one-point crossing. Synthesis of the column combination 
number string as a part of the column shape data 124 is taken 
as an example. FIG. 16 illustrates the synthesis of the layout 65 
source data by order crossing. Taken as an example is the 
synthesis of column layout priorities. The layout order is 



expressed as the column number string with the same order 
as the column layout order. In FIG. 15, according to the two 
column combination number strings Cb(l) and Cb(2) cor- 
responding to FIGS. 4 and 6 respectively, a new column 
combination number string Cb(ncw) is synthesized. The 
reference alphabet R represents a random number. In FIG. 
16, according to the processing orders Gd(l) and Gd(2), 
which are two column layout orders corresponding to FIGS. 
8 and 9 respectively and expressed by the column number 
string laid in the order of layout processing, a new column 
layout processing order Gd(new) is synthesized. 

The layout source data synthesis section 109 uses the 
evaluation values read out from the layout data group 
storage 105 to determine the ratio of the evaluation values to 
the sum of all evaluation values. Then, according to the rate 
of the evaluation values as the determination result and a 
random number read out from the random number genera- 
tion section 104, it selects a set of layout source data 
(column shape data with column layout order 124 and article 
layout order). Then, it synthesizes a new layout source data 
according to the selected layout source data and the random 
number read out from the random generation section 104 
and stores it to the layout data group storage 105. 

Specifically, the layout source data synthesis section 109 
firstly reads out the evaluation values from the layout data 
group storage 105 and, for each evaluation value Pi, deter- 
mines the sum of the evaluation values accumulated so far 
and that evaluation value SPi as follows: SPi=SPi-l+Pi 
(i=l: the number of layout data), where SP0=0. It also reads 
out two random numbers R in the range from "1" to the sum 
of all evaluation values from the random number generation 
section 104. It retrieves SPi with which the following 
formula is true for the read out random numbers R: 

SPi-l<R<=SPi 

Then, it selects the layout source data corresponding to the 
retrieved SPi (Layout source data No. i). Since the retrieval 
is made for two random numbers, it reads out two layout 
source data from the layout data group storage 105. 

Then, for the column shape data with column layout order 
124, the number of columns and the coordinate, the starting 
column and the ending column to define divisional lines are 
synthesized as follows. 

Method 1: A new column count is synthesized by averaging 
two column counts. The coordinate, the starting column and 
the ending column are also synthesized similarly. 
Method 2: Either of the two column counts is selected 
according to the random number obtained from the random 
number generation section 104. The coordinate and the 
starting column and the ending column are also selected in 
the same way. Method 2 enables synthesis of combination 
with new divisional lines or of new column count and 
divisional lines. These two methods may be randomly 
selected according to the random number obtained from the 
random number generation section 104. 

Then, the column combination number string contained in 
the column shape data with column layout order 124 is 
synthesized as follows. 

Two column combination number strings arc selected as 
the base first. Then, a random number in the range from "1" 
to "(the number of column combination numbers contained 
in the column combination number string)-l" is read out 
from the random number generation section 104 and the 
column combination number string is divided into two 
sections at the position of the read out random number. A 
new column combination number string is synthesized by 
combining the divided column combination number strings. 
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Referring to FIG. 15, which shows an example, the two 
selected column combination number strings are Cb(l) "1, 
2, 1, 2, 1, 2, 3, 3, 3, 1, 3, T and Cb(2) "2, 1, 3, 1, 1, 1, 2, 
2, 3, 3, 1, 2" and the random number read out from the 
random number generation section 104 is "5". The column 5 
combination number string is divided at the fifth number 
from the left. Specifically, Cb(l) is divided into "1,2, 1, 2, 
1" and "2, 3, 3, 3, 1, 3, 2" and Cb(2) into "2, 1, 3, 1, 1" and 
"1, 2, 2, 3, 3, 1, 2". By combining the first half of Cb(l) and 
the latter half of Cb(2), a new column combination number 10 
string Cb (new) "1, 2, 1, 2, 1, 1, 2, 2, 3, 3, 1, 2" is 
synthesized. 

Next, the column layout order to be contained in the 
column shape data with column layout order 124 is synthe- 
sized as follows: is 

Two column combination number strings are firstly 
selected as the base, and then a binary random number 
having the same number of digits as the maximum column 
layout order is read out from the random number generation 
section 104. Next, the column numbers corresponding to the 20 
digits having "1" in the read out binary random number are 
copied from one of the column layout order to a new column 
layout order at the same positions. Then, the remaining 
positions are filled with the remaining column numbers so 
thai their order becomes the same as that in the other column 25 
layout order. 

Referring to FIG. 16, for example, the column number 
strings of the two selected column layout orders are Gd(l) 
"5, 3, 8, 7, 6, 4, 1, T and Gd(2) "3, 6, 4, 2, 1, 5, 8, 7", and 
the random number R read out from the random number 30 
generation section 104 is "11011000". According to the 
random number R, the first, second, fourth and fifth numbers 
from Gd(l) are copied to a new column layout order. At this 
moment, the new column layout order becomes "5, 3, ?, 7, 
6, ?, ?, ?", where "?" indicates the number not defined yet. 35 
Then, the column numbers other than "5, 3, 7, and 6" are 
extracted from Gd(2). The extracted column number string 
is "4, 2, 1, 8". This is used to fill the undefined positions in 
the new column layout order. Thus, the new column layout 
order Gd(new) "5, 3, 4, 7, 6, 2, 1, 8" can be obtained. 40 

Then, the article layout order is synthesized according to 
the same procedure as for the column layout order. Finally, 
all of the newly synthesized layout source data are stored to 
the layout data group storage 105. 

Next, the operation of the entire article layout device will 45 
be described below. 

FIG. 17 is a flowchart illustrating the operation of the 
entire article layout device according to the first embodi- 
ment. 

The column shape data generation section 101 firstly so 
reads out a random number from the random number 
generation section 104 and generates the column shape data 
using the read out random number and supplies such data to 
the column layout order generation section 102. The column 
layout order generation section 102 adds the layout order for 55 
the columns generated with the random number read out 
from the random number generation section 104 to the 
column shape data input from the column shape data gen- 
eration section 101, so as to generate the column shape data 
with the column layout order. The article layout order 60 
generation section 103 generates the layout order for the 
articles using the random number read out from the random 
number generation section 104. Thus, the predetermined 
number of layout source data are generated and stored to the 
layout data group storage 105 (Step 1701). 65 

The allocation section 106 reads out the layout source 
data stored in the layout data group storage 105 one by one 



and has the article shape restriction data input from the 
article shape restriction data output section 108 and, accord- 
ing to such data, allocates the articles to the columns where 
they can be laid out. Then, it outputs the layout result to the 
layout data group storage 105 and the layout result evalu- 
ation section 107. The layout data group storage 105 asso- 
ciates the layout source data with the corresponding layout 
results for storage (Step 1702). 

The layout result evaluation section 107 calculates the 
evaluation value of the layout result for all layout results 
processed by the allocation section 106 and stores the 
calculated evaluation values to the layout data group storage 
105. The layout data group storage 105 stores the layout 
source data as associated with the corresponding evaluation 
values (Step 1703). 

The layout source data synthesis section 109 uses the ratio 
of the evaluation values to the sum of all evaluation values 
calculated with the evaluation values read out from the 
layout data group storage 105 as well as the random number 
read out from the random number generation section 104 to 
select a single layout source data (Step 1704). Then, using 
the selected layout source data and a random number read 
out from the random number generation section 104, it 
synthesizes a new layout source data (Step 1705). In 
addition, it has the newly synthesized layout source data 
stored to the layout data group storage 105. 

The allocation section 106 reads out the article shape 
restriction data from the article shape restriction data output 
section 108 and, using a new layout source data, allocates 
the articles again to the columns where they can be laid out. 
Then, it supplies the layout result to the layout data group 
storage 105 and the layout result evaluation section 107. The 
layout data group storage 105 associates the new layout 
source data with the layout result for storage (Step 1705). 

The layout result evaluation section 107 calculates the 
evaluation value of the layout result for the new layout result 
determined at Step 1705 and stores such evaluation value to 
the layout data group storage 105. The layout data group 
storage 105 associates the new layout source data with the 
evaluation values for storage (Step 1706). 

Then, it is judged whether the termination condition as 
described below is satisfied or not (Step 1707). If not, the 
device returns to Step 1704 to repeat the procedure. If it is 
satisfied, it proceeds to Step 1708, 

As the termination condition, the following conditions 
can be considered. These conditions may be arbitrarily 
combined. 

Condition 1: Whether the number of new layout source data 
syntheses exceeds the predetermined number. 
Condition 2: Whether the processing time from the start of 
Step 1701 exceeds the predetermined time 
Condition 3: Whether the maximum evaluation value stored 
in the layout data group storage 105 exceeds the predeter- 
mined number. 

Condition 4: Whether the maximum evaluation value stored 
in the layout data group storage 105 is not updated for more 
than the predetermined times 

Condition 5: Whether the maximum evaluation value stored 
in the layout data group storage 105 is not updated for more 
than the predetermined period of time 

Finally, the optimum layout retrieval section 110 retrieves 
the maximum evaluation value from the layout data group 
storage 105 and outputs the layout result corresponding to 
such evaluation value to the article output section 112 (Step 
1708). The article output section 112 displays the articles on 
the screen or prints them out on paper according to the 
layout result input from the optimum layout retrieval section 
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110 and the contents (document component data) of the 
articles input from the article input section 111. 
<Second Embodiment 

FIG. 18 is a block diagram to show the configuration of 
an article layout device according to a second embodiment 
of the present invention. 

As shown in the figure, an article layout device according 
to this embodiment comprises a column shape data genera- 
tion section 101, a column layout order generation section 
102, an article layout order generation section 103, a random 
number generation section 104, a layout data group storage 

141, an allocation section 142, a layout result evaluation 
section 107, an article shape restriction data output section 

108, a layout source data synthesis section 109, an optimum 
layout retrieval section 143, an article input section 111 and 
an article output section 144. Note that FIG. 18 just shows 
the characteristic components of this embodiment, with 
omitting other general components. 

In the above configuration, the column shape data gen- 
eration section 101, the column layout order generation 
section 102, the article layout order generation section 103, 
the random number generation section 104, the layout result 
evaluation section 107, the article shape restriction data 
output section 108, the layout source data synthesis section 

109, and the article input section 111 have the same function 
as in the first embodiment of FIG. 1. They are given the same 
reference numerals and the description for them is omitted. 
The allocation section 142 and the optimum layout retrieval 
section 143 are, for example, achieved by a CPU (Central 
Processing Unit) under control by the computer program 
stored in a RAM or other internal memories or magnetic 
disks or other external storage devices. The layout data 
group storage 141 is achieved by a RAM or other internal 
memories or magnetic disks or other external storage 
devices. The article output section 144 is achieved by a 
printer or a CRT display. 

The layout data group storage 141 stores the predeter- 
mined number of layout data, A layout data here includes a 
column shape data with column layout order, an article 
layout order and an evaluation value. The column shape data 
with column layout order is input from the column layout 
order generation section 102, the article layout order from 
the article layout order generation section 103, and the 
evaluation value from the layout result evaluation section 
107. 

The layout data group storage 141 has, at a certain step of 
processing, the column shape data with column layout order 
and the article layout order read out by the allocation section 

142, has the column shape data with column layout order 
and the article layout order read out by the layout source data 
synthesis section 109 and has the evaluation value and the 
column shape data with column layout order and the article 
layout order read out by the optimum layout retrieval section 
143. 

The allocation section 142 reads out the layout source 
data from the layout data group storage 141, and the article 
shape restriction data from the article shape restriction data 
output section 108 and, according to these data, allocates the 
articles to the columns where they can be laid out. It outputs 
the layout result to the layout result evaluation section 107. 
It also has the layout source data with the optimum evalu- 
ation value input from the optimum layout retrieval section 
143 and allocates the articles to the columns where they can 
be laid out for layout processing and outputs the layout result 
to the article output section 144. 

The optimum layout retrieval section 143 retrieves the 
maximum evaluation value from the layout data group 
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storage 141, reads out the layout source data corresponding 
to the retrieved evaluation value and outputs it to the 
allocation section 142. 

The article output section 144 has the layout result input 
5 from the allocation section 142 and has the article contents 
(document component data) input from the article input 
section 111 and, according to the layout result, displays the 
articles on the screen or print them out on paper. 

Next, referring to the block diagram of FIG. 18 and the 
1Q flowcharts of FIGS. 19 and 20, the operation of the device 
according to the second embodiment will be described 
below. Firstly, the allocation processing by the allocation 
section 142 will be described with referring to the flowchart 
of FIG. 19. 

The allocation section 142 firstly refers to the article 

15 layout order read out from the layout data group storage 105 
or the article layout order input from the optimum layout 
retrieval section 143 and checks whether the article with the 
highest layout priority among the articles not yet allocated to 
any column can be selected as the processing subject (Step 

20 1901). If there is no article to be selected, it outputs the 
layout result and terminates the procedure (Step 1902). 

If the article with the highest layout priority can be 
selected as the processing subject at Step 1901, the shape 
restriction data corresponding to the selected article is read 

25 out from the article shape restriction data output section 108 
so that the maximum width Wn and the maximum height Hn 
for the article can be calculated (Step 1903). Then, the 
allocation section 142 refers to the column layout order read 
out from the layout data group storage 105 or the column 

30 layout order input from the optimum layout retrieval section 
143, and selects, as the processing subject, the column with 
the highest layout priority among those which the processing 
from Step 1905 has not been executed for and has no article 
allocated (Step 1904). If there is no column to be selected 

35 here, it returns to Step 1201 and selects the article with the 
second highest priority for the same processing. 

If there is a column to be selected as the subject of article 
allocation, the processing from Step 1905 is executed. The 
processing from Step 1905 is the same as that from Step 

40 1205 for allocation by the allocation section 106 according 
to the first embodiment as shown in FIG. 12 and the 
description about it is omitted. 

Finally, the obtained layout result 133 is supplied to the 
layout result evaluation section 107 and the processing is 

45 terminated (Step 1902). 

Referring now to the flowchart of FIG. 20, the operation 
of the entire article layout device according to the second 
embodiment will be described below. 

As in the first embodiment, the column shape data gen- 

50 eration section 101, the column layout order generation 
section 102 and the article layout order generation section 
103 generate the predetermined number of layout source 
data and store them to the layout data group storage 141 
(Step 2001). 

55 The allocation section 142 reads out the layout source 
data stored in the layout data group storage 141 one by one 
and has the article shape restriction data input from the 
article shape restriction data output section 108 and, accord- 
ing to these data, allocates the articles to the columns where 

60 they can be laid out. Then, it outputs the layout result to the 
layout result evaluation section 107 (Step 2002). 
The operations of the layout source data evaluation (Step 

2003) and the selection of the base layout source data (Step 

2004) are the same as those of Steps 1703 and 1704 in the 
65 first embodiment as shown in FIG. 17. 

The layout source data synthesis section 109 uses the 
layout source data selected at Step 2004 and a random 
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number read out from the random number generation section 
104 to synthesize a new layout source data and stores such 
new layout source data to the layout data group storage 141 
(Step 2005). The allocation section 142 has the article shape 
restriction data input from the article shape restriction data 
output section 108 and allocates the articles to the columns 
where they can be laid out using the new layout source data 
read out from the layout data group storage 141 and outputs 
the layout result to the layout result evaluation section 107. 

The operations of the layout result evaluation (Step 2006) 
and the termination condition judgment (Step 2007) by the 
layout result evaluation section 107 are the same as those of 
Steps 1706 and 1707 in the first embodiment as shown in 
FIG. 17. 

Finally, the optimum layout retrieval section 143 retrieves 
the maximum evaluation value from the layout data group 
storage 141, reads out the layout source data corresponding 
to the evaluation value and supplies it to the allocation 
section 142, The article output section 144 displays the 
articles on the screen or prints them out on paper according 
to the layout result input from the allocation section 142 and 
the article contents (document component data) input from 
the article input section 111 (Step 2008). 

Unlike the device of the first embodiment, the layout data 
group storage 141 in the second embodiment as described 
above does not store the layout results. For this reason, the 
layout data group storage 141 in the second embodiment is 
advantageous in that it causes a smaller consumption of the 
memory capacity than the layout data group storage 105 in 
the first embodiment. On the other hand, since the layout 
data group storage 141 does not store the layout results, it is 
necessary to calculate the layout result again using the 
allocation section 142 to output the optimum layout result. 
However, the processing time required for recalculation can 
be ignored when considering the total processing time. This 
does not cause any problem such as lower processing speed 
for the entire system. 

In a variation example of this invention as shown in FIG. 
2, the divisional lines may not be expressed with the starting 
and ending columns given as the number of columns, but 
may be expressed with the coordinates in relation to the 
coordinate axes set on the article space so that tbey can be 
stored in the layout data group storage and converted into the 
number of columns at the allocation section. Thus, it is 
possible to execute more appropriate synthesis of the layout 
source data even for the layout source having different 
number of columns. 

In another variation example, the column generation 
means may combine unit areas using the column combina- 
tion numbers normalized in ascending or descending order 
according to the order of appearance. In this way, the column 
shape data for a column shape can be uniquely specified. 

For example, to obtain the columns as shown in FIG. 7, 
not only the column combination number string "2, 1, 3, 1, 
1, 1, 2, 2, 3, 3, 1, 2" as shown in FIG. 6, but also other 
column combination number strings such as "1, 2, 3, 2, 2, 2, 
1, 1, 3, 3, 2, 1" may be used. This column combination 
number string is in ascending order according to the order of 
appearance. Such variety may cause the device to consider 
the same layout as a different one, which results in that the 
evaluation value for the same layout is distributed to several 
layouts, and the applicable layout result may be improperly 
provided with a small evaluation number. This problem can 
be solved by normalization for unique orders such as 
ascending or descending order. 

As described above, an article layout device of the present 
invention achieves the following effects. 



6,738 

24 

Firstly, by automatically generating many layout results 
and evaluating them, the device can automatically select the 
optimum layout result and can achieve a good layout with- 
out any human intervention. Thus, the procedure from 

5 article acquisition to printing can be automated and the labor 
required for this work can be largely saved. 

Secondly, the generated columns are a group of several 
columns having a rectangular shape and can have a com- 
plicated shape. This enables trial for complicated combina- 
tion of the articles. Thus, it is expected that the article space 
can be effectively utilized. 

Thirdly, this article layout device can synthesize the 
layout source data, which serves as an essential point when 
adapting the so-called gene algorithm to it. This is because 
the data as the base of the article layout variations are made 

1S into parameters as follows. Note that the gene algorithm is 
an algorithm to seek for a nearly optimal solution modeled 
on the adaptive evolution mechanism of the creatures. The 
layout source data can be compared to the gene and the 
synthesis of the layout source data can be compared to the 

20 crossbreeding. 

In the first parameter method, the number of columns, the 
number of divisional pages, the divisional lines expressed 
with coordinates and the starting and ending columns and 
the column combination numbers can be used as the column 

25 shape data. 

In the second parameter method, the column layout order 
and the article layout order can be used as the source data for 
layout trials. 

By thus making the data into parameters, the synthesized 
3Q parameters can be used as the layout source data. 

Fourthly, since the base layout source data is selected so 
that better layout results can be obtained with a higher 
probability in the synthesis of the layout source data, the 
probability to synthesize layout data which highly possibly 
35 generates good layout results becomes higher. For this 
reason, compared with random generation of many layout 
source data, it is highly possible that a good layout is 
obtained even when only a few layout data are studied with 
this device. This device thus enables to acquire good layout 
^ results at a high speed and to improve the processing 
efficiency. 

Although the invention has been illustrated and described 
with respect to exemplary embodiment thereof, it should be 
understood by those skilled in the art that the foregoing and 

45 various other changes, omissions and additions may be 
made therein and thereto, without departing from the spirit 
and scope of the present invention. Therefore, the present 
invention should not be understood as limited to the specific 
embodiment set out above but to include all possible 

5Q embodiments which can be embodies within a scope encom- 
passed and equivalents thereof with respect to the feature set 
out in the appended claims. 
What is claimed is: 

1. An article layout device for layout of document on 
55 which a plurality of article data with some columns are laid 
out comprising: 

an article data input means for inputting said article data; 
a column generation means for dividing the article space 
to lay out said article data into a plurality of columns 
60 with random shapes; 

a column layout order generation means for providing the 
columns generated by said column generation means 
with the order of layout processing; 
an article layout order generation means for providing 
65 said article data with the order of layout processing; 
a layout source data synthesis means for synthesizing a 
new division result of said article space by combining 
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a plurality of division results of the article space 
divided into some columns by said column generation 
means, synthesizing a new layout order of said columns 
by combining a plurality of layout orders for said 
columns generated by said column layout order gen- s 
eration means and also synthesizing a new layout order 
of said article data by combining a plurality of layout 
orders for said article data generated by said article 
layout order generation means; 

an allocation means for allocating said article data to said 10 
columns according to the layout order for said columns 
determined by said column layout order generation 
means or the column layout order for said columns 
synthesized by said layout source data synthesis means 
and the layout order for said article data determined by 15 
said article layout order generation means or the layout 
order for said article data synthesized by said layout 
source data synthesis means; 

a layout result evaluation means for evaluating the layout 
results output from said allocation means and generat- 20 
ing the evaluation values; 

an optimum layout result retrieval means, according to the 
evaluation values generated by said layout result evalu- 
ation means, for detecting the layout result with the 
maximum evaluation value from the layout results 25 
output from said allocation means; and 

an article output means, according to the layout result 
detected by said optimum layout result retrieval means, 
for laying out said article data on said article space for 3Q 
output. 

2. An article layout device as set forth in claim 1, wherein 
said column generation means 

divides said article space into a plurality of columns, 
generates unit areas by further dividing said plurality of 35 
columns, 

provides said unit areas with the column combination 
number and 

generates columns by combining said unit areas having 
the same column number among said unit areas 40 
mutually neighboring for either side. 

3. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means selects, when 

synthesizing a new layout order for said columns and a 
new layout order for said article data in relation to the 45 
division result for a new article space, a set serving as 
a synthesis base for a higher probability in that the set 
with a high evaluation value generated by said layout 
result evaluation means is selected from the sets of the 
existing space division result, the existing column 50 
layout order and the existing article data layout order. 

4. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 55 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 60 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 65 
order generation means or layout orders for said article 
data synthesized by itself. 



5. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means 

starts its operation on condition that said layout source 
data synthesis means synthesizes the division results 
for the article space, said column layout order and 
said article data layout order for the predetermined 
number. 

6. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means starts its 
operation on condition that said layout source data 
synthesis means executes its processing for the prede- 
termined time. 

7. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means starts its 
operation on condition that said layout result evaluation 
means provides an evaluation value exceeding the 
predetermined evaluation value for said layout result. 

8. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
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space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 5 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 10 
order generation means or layout orders for said article 
data synthesized by itself, and 
said optimum layout result retrieval means counts the 
processing where the evaluation value given by said 
layout result evaluation means for the set of newly 35 
synthesized division result for the article space, said 
column layout order and said article data layout order 
does not update the maximum evaluation value before 
that and starts its operation when the number of such 
processing exceeds the predetermined number. 20 

9. An article layout device as set forth in claim 1, wherein 
said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 25 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 30 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 35 
data synthesized by itself, and 

said optimum layout result retrieval means detects the 
processing where the evaluation value given by said 
layout result evaluation means for the set of newly 
synthesized division result for the article space, said 40 
column layout order and said article data layout order 
does not update the maximum evaluation value before 
that and, starts its operation on condition that the time 
of continued processing exceeds the predetermined 
processing time. 45 

10. An article layout device as set forth in claim 1, 
wherein 

said column generation means normalizes the column 
combination numbers appearing for the first time so 
that the numbers are incremented by one in the same 
direction according to the appearance order. 

11. An article layout device for layout of document on 
which a plurality of article data with some columns are laid 
out comprising: 

an article data input means for inputting said article data; 
a column generation means for dividing the article space 

to lay out said article data into a plurality of columns 

with random shapes; 
a column layout order generation means for providing the 60 

columns generated by said column generation means 

with the order of layout processing; 
an article layout order generation means for providing 

said article data with the order of layout processing; 
a layout source data synthesis means for synthesizing a 65 

new division result of said article space by combining 

a plurality of division results of the article space 
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divided into some columns by said column generation 
means, synthesizing a new layout order of said columns 
by combining a plurality of layout orders for said 
columns generated by said column layout order gen- 
eration means and also synthesizing a new layout order 
of said article data by combining a plurality of layout 
orders for said article data generated by said article 
layout order generation means; 

an allocation means for allocating said article data to said 
columns according to the layout order for said columns 
determined by said column layout order generation 
means or the column layout order for said columns 
synthesized by said layout source data synthesis means 
and the layout order for said article data determined by 
said article layout order generation means or the layout 
order for said article data synthesized by said layout 
source data synthesis means; 

a layout result evaluation means for evaluating the layout 
results output from said allocation means and generat- 
ing the evaluation values; 

an optimum layout result retrieval means, according to the 
evaluation values generated by said layout result evalu- 
ation means, for detecting the set having the maximum 
evaluation value among those containing the article 
space division result generated by said column genera- 
tion means and said column layout order generated by 
said column layout order generation means and said 
article data layout order generated by said article layout 
order generation means; 

an optimum layout allocation means, according to the set 
of article space division result and said column layout 
order and said article data layout order detected by said 
optimum layout result retrieval means, for allocating 
said article data to said columns; and 

an article output means for laying out and outputting said 
article data on said article space according to the layout 
result output by said optimum layout allocation means. 

12. An article layout device as set forth in claim 11, 
wherein said allocation means also serves as said optimum 
layout allocation means. 

13. An article layout device as set forth in claim 11, 
wherein 

said column generation means 

divides said article space into a plurality of columns, 
generates unit areas by further dividing said plurality of 
columns, 

provides said unit areas with the column combination 
number and 

generates columns by combining said unit areas having 
the same column number among said unit areas 
mutually neighboring for either side. 

14. An article layout device as set forth in claim 11, 
wherein 

said layout source data synthesis means selects, when 
synthesizing a new layout order for said columns and a 
new layout order for said article data in relation to the 
division result for a new article space, a set serving as 
a synthesis base for a higher probability in that the set 
with a high evaluation value generated by said layout 
result evaluation means is selected from the sets of the 
existing space division result, the existing column 
layout order and the existing article data layout order. 

15. An article layout device as set forth in claim 11, 
wherein 

said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
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combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 5 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 10 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself. 

16. An article layout device as set forth in claim 11 
wherein is 

said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 20 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 25 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 30 
said optimum layout result retrieval means 

starts its operation on condition that said layout source 
data synthesis means synthesizes the division results 
for the article space, said column layout order and 
said article data layout order for the predetermined 35 
number. 

17. An article layout device as set forth in claim 11, 
wherein 

said layout source data synthesis means repeatedly syn- 4Q 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 45 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said $Q 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means starts its 55 
operation on condition that said layout source data 
synthesis means executes its processing for the prede- 
termined time. 

18. An article layout device as set forth in claim 11, 
wherein 6Q 

said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
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space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 
said optimum layout result retrieval means starts its 
operation on condition that said layout result evaluation 
means provides an evaluation value exceeding the 
predetermined evaluation value for said layout result. 

19, An article layout device as set forth in claim 11, 
wherein 

said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means counts the 
processing where the evaluation value given by said 
layout result evaluation means for the set of newly 
synthesized division result for the article space, said 
column layout order and said article data layout order 
does not update the maximum evaluation value before 
that and starts its operation when the number of such 
processing exceeds the predetermined number. 

20. An article layout device as set forth in claim 11, 
wherein 

said layout source data synthesis means repeatedly syn- 
thesizes new division results for the article space by 
combining a plurality of division results for the article 
space divided into some columns by said column 
generation means or division results for said article 
space synthesized by itself, and repeatedly synthesizes 
new layout orders for said columns by combining a 
plurality of layout orders for said columns generated by 
said column layout order generation means or layout 
orders for said columns synthesized by itself, and 
repeatedly synthesizes new layout orders for said 
article data by combining a plurality of layout orders 
for said article data generated by said article layout 
order generation means or layout orders for said article 
data synthesized by itself, and 

said optimum layout result retrieval means detects the 
processing where the evaluation value given by said 
layout result evaluation means for the set of newly 
synthesized division result for the article space, said 
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column layout order and said article data layout order 
does not update the maximum evaluation value before 
that and, starts its operation on condition that the time 
of continued processing exceeds the predetermined 
processing time. 5 
21. An article layout device as set forth in claim 11, 
wherein 

said column generation means normalizes the column 
combination numbers appearing for the first time so 
that the numbers are incremented by one in the same 10 
direction according to the appearance order. 
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22. An article layout device as set forth in claim 11, 
wherein 

said layout data group storage means deletes data with the 
corresponding evaluation value data, when required to 
store more sets than predetermined, starting from the 
sets with lower evaluation values given by said layout 
result evaluation means among the sets of the article 
space division result, said column layout order and said 
article data layout order so as to store a new set of data. 

* * * * * 
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